Development of a Chemically Defined Medium for Biosynthesis of Capreomycin by Streptomyces capreolus by Boeck, LaVerne D.
Butler University Botanical Studies
Volume 14 Article 8
Development of a Chemically Defined Medium for
Biosynthesis of Capreomycin by Streptomyces
capreolus
LaVerne D. Boeck
Follow this and additional works at: http://digitalcommons.butler.edu/botanical
The Butler University Botanical Studies journal was published by the Botany Department of Butler
University, Indianapolis, Indiana, from 1929 to 1964. The scientific journal featured original papers
primarily on plant ecology, taxonomy, and microbiology.
This Article is brought to you for free and open access by Digital Commons @ Butler University. It has been accepted for inclusion in Butler University
Botanical Studies by an authorized administrator of Digital Commons @ Butler University. For more information, please contact fgaede@butler.edu.
Recommended Citation
Boeck, LaVerne D. (1964) "Development of a Chemically Defined Medium for Biosynthesis of Capreomycin by Streptomyces
capreolus," Butler University Botanical Studies: Vol. 14, Article 8.
Available at: http://digitalcommons.butler.edu/botanical/vol14/iss1/8
 
 
 
 
 
 
 
 
 
 
 
 
Butler University  
Botanical Studies 
(1929-1964) 
  
  
Edited by 
  
  
J. E. Potzger  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Butler University Botanical Studies journal was published by the Botany Department of 
Butler University, Indianapolis, Indiana, from 1929 to 1964.  The scientific journal featured 
original papers primarily on plant ecology, taxonomy, and microbiology.   The papers contain 
valuable historical studies, especially floristic surveys that document Indiana’s vegetation in 
past decades.  Authors were Butler faculty, current and former master’s degree students and 
undergraduates, and other Indiana botanists.  The journal was started by Stanley Cain, noted 
conservation biologist, and edited through most of its years of production by Ray C. Friesner, 
Butler’s first botanist and founder of the department in 1919.  The journal was distributed to 
learned societies and libraries through exchange. 
  
During the years of the journal’s publication, the Butler University Botany Department had an 
active program of research and student training.  201 bachelor’s degrees and 75 master’s 
degrees in Botany were conferred during this period.  Thirty-five of these graduates went on to 
earn doctorates at other institutions.   
  
The Botany Department attracted many notable faculty members and students.  Distinguished 
faculty, in addition to Cain and Friesner , included John E. Potzger, a forest ecologist and 
palynologist, Willard Nelson Clute, co-founder of the American Fern Society, Marion T. Hall, 
former director of the Morton Arboretum, C. Mervin Palmer, Rex Webster, and John Pelton.  
Some of the former undergraduate and master’s students who made active contributions to 
the fields of botany and ecology include Dwight. W. Billings, Fay Kenoyer Daily, William A. Daily, 
Rexford Daudenmire, Francis Hueber, Frank McCormick, Scott McCoy, Robert Petty, Potzger, 
Helene Starcs, and Theodore Sperry.  Cain, Daubenmire, Potzger, and Billings served as 
Presidents of the Ecological Society of America. 
  
Requests for use of materials, especially figures and tables for use in ecology text books, from 
the Butler University Botanical Studies continue to be granted.  For more information, visit 
www.butler.edu/herbarium. 
  
 
DEVELOPMENT OF A CHEMICALLY DEFiNED MEDIUM
 
FOR BIOSYNTHESIS OF CAPREOMYCIN BY
 
STREPTOMYCES CAPREOLVS 
LAVERNE D. BOECK 
Eh Lilly and Company
 
Indianapoln, Indiana
 
ABSTRACT 
Boeck, laVerne D. (Eli Lilly Company, Indianapolis, Indiana) Development of a 
Chemically Defined Medium for Biosynthesis of Capreomycin by Streptomyces 
capreolus. Butler U. Bot. Studies 14(2): 1-20. lIIus. 1964.-A complex organic me· 
dium had been developed for this organism, but a chemically defined medium was not 
available. A number of carbohydrates were tested and it was determined that pentoses, 
glucose, starch and dextrine produced the best antibiotic yields. A combination of 
glucose and dextrine was chosen for routine use. Use of five amino adds: L.asparagine, 
glycine, L·alanine, L·leucine and L·histidine gave the highest antibiotic yields. High 
levels of leucine were tolerated by the organism and were in some instances very helpful 
to antibiotic yields, but no single amino acid was essential and various combinations 
could be used. It was not necessary to add vitamins to the medium and fatty acids were 
not beneficial, but magnesium, calcium, iron, potassium, and phosphate were required 
for growth and antibiotic production. A chemically defined medium was evolved which 
supported good growth of the organism and the production of 5000·6000 mcg/ ml of 
capreomycin. 
Capreomycin is an antibiotic which has been obtained from fermented 
broths of a previously unidentified species of Streptomyces,S. capreoills (I ) . 
This antibiotic is active against a number of gram·positive and gram·nega­
tive organisms but is primarily effective against mycobacteria (1). It is of 
special interest for the treatment of tuberculosis because it is active against 
streptomycin and viomycin. resistant organisms (2), is relatively non·toxic 
in vivo, has shown a favorable effect in cases of refractory pulmonary tu· 
berculosis, and can be used with reasonable safety in the hospital (3). 
Treatment of pulmonary tuberculosis with capreomycin in combination with 
sodium para-aminosalicylate yields results similar to such treatment with 
isoniazid and sodium para-aminosalicylate (4). 
Analytical information currently available indicates capreomycin is a pep­
tide antibiotic with an equivalent molecular weight of about 740 and an em­
pirical formula of C24-2:iH~1-~sNlS-H09-10C14for the tetrahydrochloride. it 
contains the amino acids alanine, serine, a,B-diaminopropionic acid, ,B-lysine 
and (2-iminohexahydro-4-pyrimidyl) glycine (2). Paper chromatography 
demonstrates the existence of two factors, capreomycin I and capreori\ycin 
II (1). 
The detailed study of an antibiotic such as capreomycin requires the avail­
ability of large amounts of the compound and is likely to lead to a search 
for optimal production media. This search may include a systematic study 
of the suitability of variou~ carbon and nitrogen sources, minerals, anel/or 
other substances as a first approach to the problem so that later, more critical, 
work may follow. The same type approach can be used with either a complex 
organic or a chemically defined medium but a complex organic medium is ... 
often employed first to give high early yields and gain background infor­
mation for the later development of the chemically defined medium. A com­
plex organic medium, however, has limited usefulness for more critical work 
because of the presence of poorly defined substances which may enhance or 
inhibit the effects of tne material being tested. For this reason, a chemically 
defined medium is advantageous for studying the effects of various sub­
stances on growth of an organism as well as formation and yield of an anti­
biotic substance. However, negative data may be obtained in either type of 
medium if the substance being studied is not the limiting factor under those 
conditions (5). 
Developmental work on a complex organic production medium for capreo­
mycin had been done (1) and information gained from this study had been 
utilized to developed a "semi-chemically defined" medium. Initial work with 
this medium had been in the form of a broad screening program concerned 
with attempts to substitute amino acid. combinations for nitrogen sources 
used in the complex organic medium. The project had been terminated with 
the evolution of medium No. 1 as described in TABLE II. The current work 
was initiated at this point to further develop the chemically defined medium. 
METHODS AND RESULTS 
Initial Work w;/h the Culture 
A-250, a microorganism isolated from a soil sample and later identified , 
as Streptomyces capreoluJ, had been preserved by lyophilization. Tomato 
paste-oatmeal was one of the best agar media used in taxonomy work with 
this culture and would support moderate growth and sporulation of the 
organism. 
A new lyophile pellet was obtained and was used for an agar slant medium 
study and for plating of the culture. 
Agar Slant Med;um Study. Use of the best available slant medium was 
considered important in order to obtain reasonable vegetative mycelial 
growth and sporulation. This would help prevent cultural changes (6) and 
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demonstrates the existence of two factors, capreomycin I and caprem.lil(cin 
II (1). 
The detailed study of an antibiotic such as capreomycin requires the avail­
ability of large amounts of the compound and is likely to lead to a search 
for optimal production mall'a. This search may include a systematic study 
of the suitability of various carbon and nitrogen sources, minerals, and/or 
other substances as a first approach to the problem so that later, more critical, 
work may follow. The same type approach can be used with either a complex 
organic or a chemically defined medium but a complex organic medium is 
often employed first to give high early yields and gain background infor­
mation for the later development of the chemically defined medium. A com­
plex organic medium, however, has limited usefulness for more critical work 
because of the presence of poorly defined substances which may enhance or 
inhibit the effects of the material being tested. For this reason, a chemically 
defined medium is advantageous for studying the effects of various sub­
stances on growth of an organism as well as formation and yield of an anti· 
biotic substance. However, negative data may be obtained in either type of 
medium if the substance being studied is not the limiting factor under those 
conditions (5). 
Developmental work on a complex organic production medium for capreo­
mycin had been done (1) and information gained from this study had been 
utilized to developed a "semi-chemically defined" medium. Initial work with 
this medium had been in the form of a broad screening program concerned 
with attempts to substitute amino acid. combinations for nitrogen sources 
used in the complex organic medium. The project had been terminated with 
the evolution of medium No. I as described in TABLE II. The current work 
was initiated at this point to further develop the chemically defined medium. 
METHODS AND RESULTS 
Initial Work with the Culture 
A-250, a microorganism isolated from a soil sample and later identified 
I 
as Streptomyces capreolus, had been preserved by lyophilization. Tomato 
paste-oatmeal was one of the best agar media used in taxonomy work with 
this culture and would support moderate growth and sporulation of the 
organism. 
A new lyophile pellet was obtained and was used for an agar slant medium 
study and for plating of the culture. 
Agar Slant Medium Study. Use of the best available slant medium was 
considered important in order to obtain reasonable vegetativ~ mycelial 
growth and sporulation. This would help prevent cultural changes (6) and 
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also provide uniform inoculum with a vigorous growth potential for use in 
starting vegetative flasks. For this reason, the lyophile pellet was used to 
plant duplicate slants of fifteen agar media. These were incubated at 30°c. 
and were graded at 4, 7, 11, and 14 days. 
Several media gave moderate vegetative mycelial growth and moderate to 
good sporulation. Of these media, the culture produced the fastest growth 
in vegetative flasks when it was transferred from Bennett's Modified agar 
medium so this medium was chosen for routine use. 
Bennett!s Modified Agar 
Dextrine 10.0 g. 
Yeast extract 1.0 g. 
NZ Amine A 2.0 g. 
Beef extract 1.0 g. 
CoCl2"6H20 0.01 g. 
Washed Meer Agar 20.0 g. 
Deionized water 1000. ml 
The pH was adjusted to 7.0 with NaOH, and the medium was autoclaved 
20 minutes. 
Plating. Plating was done on tomatopaste-oatmeal agar and also on an 
agar medium routinely used for the growth of bacterial cultures. After in­
cubation at 30°C. for ten days there was no indication of contamination but 
six variants were picked in duplicate from the tomato paste-oatmeal agar and 
transferred to slants. Each variant was then evaluated in fermentation flasks. 
These results are listed in TABLE I and indicate only that two of the 
strains were less desirable than the parent. However, four of the strains were 
at least as good as the parent and had the advantage of being more ho­
mogeneous. After four successive transfers these four variants were again 
TABLE I 
Comparison of variants with parent culture in 
complex organic fermentation medium. 
Capreomycin
Myc. VoL ACtiVIty (mcg/mJ)QJLTURE (%) X83 XI73 
A·250 12 5600 5200 
A-250.7 14 5750 5000 
A-250.8 18 5800 5000 
A-250.9 6 < 499 < 450 
A-250.tO 14 6250 5250 
A-250.11 18 6400 5200 
A-250.12 9 3268 2800 
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plated to determine which were most stable. A-250.8 and A-250.11 were 
least variable and A-250.11 appeared more vigorous so it was chosen for 
future work and a second generation slant was lyophilized. 
Vegetative Medium. A vegetative medium was necessary to provide large 
amounts of uniform inoculum for fermentor flasks. It was considered essen­
tial for this inoculum to be in the log phase of growth so flasks were sampled 
at intervals and checked for pH, growth, and gram stain reaction in order 
to determine the growth curve. Eight media of widely different types were 
compared; the final evaluation criterion being the results obtained in the 
fermeQ.tation medium (6). Again, no one medium was outstandingly good 
but a modification of Tryptone Basamin II was one of the best. 
Modified T ryptone Basamin II 
Bacto-tryptone 
Basamio bact. 
Cerelose 
MgS04"7H20 
Fe2(S04)a"(H20)o 
GlC12"2H20 
5.0 g. 
2.5 g. 
15.0 g. 
3.0 g. 
0.001 g. 
0.25 g. 
Deionized water 1100. ml 
The pH was adjuste:d to 7.5 with KOH and the medium autoclaved 30 
minutes. It provided early growth, gave consistent results, had the advantage 
of being a clear medium so that growth changes were readily observed and 
contamination could easily be detected, and the terminal pH was near the 
starting pH of the fermentation medium. 
Because the culture was quite hydrophobic, water containing one per cent 
Tween 80 was used to prepare spore suspensions for inoculation of vege~ 
tative flasks (6). 
The selection of variants, the search for a good agar slant medium, and 
the search for a good vegetative medium were aU part of a program to 
minimize culture variation and provide uniform, vigorous fermentor 
inoculum. 
Stmdatd Fermentation Conditions 
Culture Maintenance. All slants used to plant vegetative flasks were 
A-250.11 on Bennett's Modified agar. The: culture was second generation 
from lyophile and slants had been incubated at 30°C. for 7-10 days. After 
incubation the slants were refrigerated at 4°C. However, slants older than 
four weeks were not used and the usual age was two weeks. Slants could be 
planted either wet or dry but the presence of more than a minimum amount 
of water discouraged sporulation. 
VegetaJive Flasks. Inoculated flasks were incubated on a rotary shaker 
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plated to determine which were most stahle. A-250.B and A-250.11 were 
least variable and A-250.1l appeared more vigorous so it was chosen for 
future work and a second generation slant was lyophilized. 
Vegetative Medium. A vegetative medium was necessary to provide large 
amounts of uniform inoculum for feementor flasks. It was considered essen­
tial for this inoculwn to be in the log phase of growth so flasks were sampled 
at intervals and checked for pH, growth, and gram stain reaction in order 
to determine the growth curve. Eight media of widely different types were 
compared; the final evaluation criterion being the results obtained in the 
fermentation medium (6). Again, no one medium was outstandingly good 
but a modification of Tryptone Basamin II was one of the best. 
Modified Tryptone Basamin II 
Bacto-tryptone 5.0 g. 
Basamin bact. 2.5 g. 
Cerelose . 15.0 g. 
~gS()4-7112() 3.0 g. 
Fe2(S().)a'C1I20)n 0.001 g. 
CaCI2-2112() 0.25 g. 
Deionized water 1100. m1 
The pll was adjusted to 7.5 with KOli and the medium autoclaved 30 
minutes. It provided early growth, gave consistent results, had the advantage 
of being a clear medium so that growth changes were readily observed and 
contamination could easily be detected, and the terminal pll was near the 
starting pll of the fermentation medium. 
Because the culture was quite hydrophobic, water containing one per cent 
Tween BO was used to prepare spore suspensions for inoculation of vege­
tative flasks (6). 
The selection of variants, the search for a good agar slant medium, and 
the search for a good vegetative medium were aU part of a program to 
minimize culture variation and provide uniform, vigorous feementor 
inoculum. 
Standard Fermentation Conditions 
Culture Maintenance. All slants used to plant vegetative flasks were 
A-250.11 on Bennett's ~odified agar. Tht: culture was second generation 
from lyophile and slants had been incubated at 30°C. for 7-10 days. After 
incubation the slants were refrigerated at 4°C. 1I0wever, slants older than 
four weeks were not used and the usual age was two weeks. Slants could be 
planted either wet or dry but the presence of more than a minimum amount 
of water discouraged sporulation. 
Vegetative FlaJks. Inoculated flasks were incubated on a rotary shaker 
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which described an arc two inches in diameter. Incubation was at 250 RPM 
for approximately 40 hours at 30°C. The resulting mycelial growth was 
washed once with deionized water, resuspended to volume in deionized 
water, and approximately 31.!z per cent by volume used to inoculate fermen· 
tation flasks. 
Fermentation Flasks. Each variable was represented by four flasks in order 
that pairs of flasks could be harvested on successive days. All data were reo 
peated at least once and were derived by taking the average of the pair of 
flasks f rom the best day's harvest. Peak yields were obtained after 3 to 7 days' 
incubation, depending upon the basal medium in use. 
Chemicals used were of the best grade commercially available. Testing 
of medium components was done by using several widely spaced levels 
initially to determine whether any were useful and which were toxic. More 
closely spaced levels in the indicated range were then used to determine 
which were near optimum. 
All medium components were added at zero time. Special care was exer­
cised during media make-up to insure that all ingredients were in solution or 
were evenly distributed if they were relatively insoluble. Only those items 
which were heat labile were sterilized by filtration. Otherwise 10% excess 
water was added to allow for evaporation and all media were autoc1aved. 
All studies were done using 250 ml wide·mouth Erlenmeyer flasks with 
cotton plug closures. Flasks contained 60 ml of medium, were autoc1aved 
at 121°C. and IB pounds pressure for 20 minutes, and incubated under the 
conditions described for the vegetative flasks. Addition of phosphate after 
autoclaving assured a starting pll of 6.7 to 6.9. 
Mycelial growth was estimated by centrifuging a 10 ml aliquot of whole 
broth culture for 15 minutes at approximately 1000X g. (7). Antibiotic 
titre of clear broth samples was measured by microbiological assay. Progress 
of the fermentation was followed qualitatively by paper chromatography. 
Formulae of basal fermentation media used during this study are listed 
in TABLE II. Numbering of each medium indicates the order in which it 
was developed. 
Assay Methods. The antibiotic activity of the fermentation samples was 
measured by two assay methods (1). KlebsieLLa pl1efJmoniae FDA KL4 
(designated XB3) was used for a turbidimetric broth assay and a laboratory 
strain of Mycobacterium butyr-icum (designated X173) was the test organ· 
ism for an agar diffusion assay. The XB3 assay was more rapid but the X173 
assay was less subject to .fluctuation. Use of both provided the advantage of 
ea:dl plus the opportunity '00 verify assays. 
Carbohydr.ate concentration in the fermentation broth was determined as 
~1W()se with .a Technicon Auto Analyzer in which a modification of the 
~lihoo .edesor~bed by Hoffman (B) is employed. 
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TABLE II 
Basal media used in jermenJaJion sJudies 
MEDIUM NO. 
MEDIUM IlL 
COMPONENTS 1 2 3 4 
Glucose ..... , ..... ', .... 25.0 15.0 15.0 15.0 15.0 
Soluble starch ............ 10.0 10.0 10.0 10.0 10.0 
Dextrine 
L-asparagine ......... -. 1.0 1.0 1.0 1.0 1.0 
L·glutamine .............. 1.0 1.0 1.0 1.0 1.0 
Glycine .................. 1.0 1.0 1.0 1.0 1.0 
L·alanine 1.0 1.0 1.0 1.0 1.0 
L·leucine ............. . 1.0 2.0 2.0 2.0 2.0 
L·histidine"HCl .......... 0.5 1.0 1.0 1.0 L.O 
Black strap molasses ....... 5.0 5.0
 
CaCI2 " 2H20 ............. 1.0 1.0 1.0 0.5 0.5 
MgS04" 7H20 ............ 5.0 5.0 3.0 3.0 3.0 
Fe2(S04)S" (H2O)n ...... 0.003 0.003 0.003 
K2HP04 ................. 1.0" 0.2" 
KCl ...... , ............. 0.2 
Na2HP04 ....... ...... . 0.2e 
Adjust pH with NaOHt .... X X X X 
Adjust pH with KOHt ..... X 
••••••••••••• I' 
Terminal pH ............ 7.6 7.5 7.5 7.9 7.6
 
Myc. Vol. (%) ........... 10 13 25 29 30
 
mcg/ml X83 ........ . .1600 2300 1100 2100 2150
 
mcgl ml X173 ............ 1400 2000 1000 1750 1900
 
80.01 Molar dO.0375 Molar 
bO.02 Molar eAdded asceplically after autoclaving 
·0.025 Molar tpH adjusted to 7.0 before autoclaving 
Paper Chromatography. The system used for the separation of capreo­
mycin I and capreomycin II consisted of 70% methanol plus 30% 0.0.5 M 
citrate buffer at pH 6.0 (v/v) and Whatman No.1 paper buffered with the 
same citrate buffer. At 30°C. the rate of solvent flow from the reservoir 
was slightly over 1 ml/hr and approximately 30 ml were required to separate 
the factors. Nutrient agar at pH 8.0, seeded with Bacillus subtilis ATCC 
6633, was used for bioautograph plates. 
Fermentation Res"lts 
Information from the earlier studies indicated major improvements should 
be possible in the amino acid portion of the medium so work was begun with 
medium No.1 by varying the level of each amino acid. 
It was immediately apparent that doubling the quantity of L·leucine or 
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L-glutamine . 1.0 1.0 1.0 1.0 1.0 
Glycine 1.0 1.0 1.0 1.0 1.0 
L-alanine 1.0 1.0 1.0 1.0 1.0 
L·leucine 1.0 2.0 2.0 2.0 2.0 
L·histidine' HCl 0.5 1.0 1.0 1.0 1.0 
Black strap molasses 5.0 5.0 
CaCl2 ' 2H20 . 1.0 1.0 1.0 O.S 0.5 
MgS04 ' 7H20 . 5.0 5.0 3.0 3.0 3.0 
Fe2(S04)3' (H20)n 0.003 0.003 0.003 
K 2HP04 . 1.0e 0.2e 
KCI . 0.2 
Na2HP04 . 0.2e 
Adjust pH with NaOHt . x x x x 
Adjust pH with KOHL . x 
Terminal pH .....•....... 7.6 7.5 7.S 7.9 7.6 
Myc. Vol. (%) 10 J3 25 29 30 
mcg/ml X83 1600 2300 1100 2100 21S0 
mcg/mIX173 1400 2000 1000 17S0 1900 
aO.01 Molar dO.0375 Molar 
bO.02 Molar eAdded asceptically after autoclaving 
"0.025 Molar LpH adjusted to 7.0 before autoclaving 
Paper Chromafogl·aphy. The system used for the separation of capreo­
mycin I and capreomycin II consisted of 70% methanol plus 30% 0.05 M 
citrate buffer at pH 6.0 (v/v) and Whatman No.1 paper buffered with the 
same citrate buffer. At 30°C. the rate of solvent flow from the reservoir 
was slightly over 1 ml/hr and approximately 30 ml were required to separate 
the factors. Nutrient agar at pH 8.0, seeded with Bacillus subtiiis ATCC 
6633, was used for bioautograph plates. 
FermentaJion Results 
Information from the earlier studies indicated major improvements should 
be possible in the amino acid portion of the medium so work was begun with 
medium No.1 by varying the level of each amino acid. 
It was immediately apparent that doubling the quantity of L·leucine or 
TABLE II (conl'd)TABLE II 
Basal filed,,, used in fermen/a/ion studies Basal media used in fermentation studies 
MEDIUM NO.MEDIUM NO. MEDtUM gILMEDIUM gIL COMPONENTS 6COMPONENTS 2 3 4 5 8 9 LO 
Glucose . 10.0 10.025.0 15.0 15.0 15.0 15.0 Glucose .. 5.0 5.0 S.O 
Soluble starch ......•... 10.0 10.0 10.0 10.0 10.0 Soluble starch 
Dextrine 20.0 20.0 20.0 20.0Dextrine 20.0 
L·asparagine . 1.0 1.0 1.0 1.0 1.0 L-asparagine 1.25 J.2S 1.32a 1.32 1.32 
... L-glutamine ....•......... 1.25 1.2S 
Glycine 1.25 1.25 l.S b 1.5 l.S 
L·alanine 1.25 1.25 1.78b 1.78 1.78 
L-Ieucine 2.5 10.0 10.0 10.0 4..9d 
L·histidine· HCl . 1.25 S.O 4..78" 4..78 4..78 
Black strap molasses 
CaCl 2'2H20 . O.S 0.5 0.5 0.5 0.75 
MgS04'7H20 . 3.0 3.0 3.0 3.0 3.0 
Fe2(S04)3' (H20)n 0.003 0.003 0.003 0.003 O.OOS 
K2HP04 
KCI ... 0.2 0.2 0.2 0.2 oA 
Na2HP04 . 0.2e 0.2e 0.2e 0.2e 0.2e 
Adjust pH with NaOHI 
Adjust pH with KOHL x x x x x 
Terminal pH 7.6 7.8 7.6 7.6 7.8 
Myc. Vol. (%) 27 20 21 22 24. 
mcg/ml X83 .... ... 3250 5650 S900 5700 60S0 
mcg/ml X173 ... 2500 5000 SlSO 4.800 5300 
"0.01 Molar dO.0375 Molar 
bO.02 MOlar 
·Added asceptically after autoclaving 
"0.025 Molar tpH adjusted to 7.0 before autoclaving 
L-histidine'HCI gave some increase in antibiotic yield and that doubling 
both gave an even larger increase. Higher levels resulted in decreased yields 
but even so were better tolerated than increased levels of any of the other 
four amino acids. Omission of any single amino acid had little affect on 
growth but reduced antibiotic yields by about one-third. Attempts to replace 
glycine with NH 4N03 or (NH 4 ) 2S04 were partially successful but gave 
low terminal pH readings. The drop in pH was attributed to utilization of 
the ammonium ions with the subsequent release of the nitrate and sulfate 
JOns. 
Variation of the carbohydrate levels indicated a decreased amount of 
glucose did not alter growth but did increase antibiotic yields. A decreased 
amount of glucose and the higher levels of L-Ieucine and L-histidine' HCI 
were incorporated into the medium; this was designated medium No.2. 
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The primary effect of black strap molasses in the medium was thought to 
be due to the minerals it supplied. In addition to the Mg and Ca which were 
already being incorporated, minerals commonly found to be of importance 
to Streptomyces for growth and/or antibiotic production are Fe, Na, K, Zn, 
Mn, Co and phosphate (9). Each of these minerals was tested by individual 
addition (10) to the medium from which black strap molasses had been 
omitted. The best level of growth and antibiotic yield obtained with each 
mineral in this way is summarized in TABLE III. Iron and K2HP04 ap­
peared important so both were added to medium No.2 minus black strap 
molasses. Individual addition of the other minerals to this medium was not 
helpful but substitution of Fe2(S04)3 for FeS04 produced a definite in­
crease in antibiotic yields and the formulation of medium No.3. 
TABLE III 
Subs/ilu/ioll of minerals fOI' black Jlrap molaJJe.r in medium No.1 
Cap,eomycin 
Best Level Mye. Vol. Activity (meg/ml)
MINERAL gil (%) X83 X173 
Black strap molasses ............ 5.0 10 1600 1400
 
None ...................... 3 180 235
 
FeS04 '7HzO .................. 0.02 3 229 375
 
K2HP04 ...................... 1.0 6 505 200
 
NaCl ......................... 1.0 3 185 254
 
ZnS04'7HzO .............. 0.01 3 L80 235
 
MnCl z'4HzO ................ 0.0001 3 190 220
 
CoCI 2'6HzO ................ 0.001 3 225 280
 
Zinc, manganese, cobalt and copper were added to medium No.3 singly 
and in combinations but no beneficial effects were observed. The levels of 
MgS04, FeZ(S04)g, CaCl2 and K zHP04 were checked and the results, avail­
able in TABLE IV, indicate ail were essential except calcium and it was 
desirable because it improved the amount of growth obtained. The level of 
magnesium was not critical within narrow limits for either growth or anti­
biotic yield whereas potassium phosphate was critical within narrow limits 
for both. Iron was critical for both at the lower levels but less critical for 
growth at the higher levels. 
Adjusting the starting pH of the medium to pH 6.0 or 8.0 from the usual 
67-6.9 had no effect on growth or antibiotic yields. Attempts to hold the 
pH constant during the fermentation by the use of phosphate were unsuc­
cessful because the levels of phosphate required were so high that growth 
and yields were both depressed considerably. 
Additional work in mediwTI No.3 with amino acid levels failed to estab­
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TABLE IV 
Effects of mineralletJelJ i,l medium No.3. 
CapreomYdn 
MINERAL gIL 
Myc. Vol. 
(%) 
Aetiviry (meg/ml)
X83 XI73 
MgS04"7H20 .......... 0 5 175 <75 
1.0 25 895 790 
2.0 27 850 720 
3.0 27 950 820 
4.0 26 980 770 
6.0 22 810 640 
10.0 23 620 520 
Fe2 (S04 )3" (H20) n ...... 0 10 530 < 150 
0.001 24 1050 490 
0.002 26 950 640 
0.003 26 965 820 
0.004 26 1000 740 
0.005 27 950 680 
0.007 29 666 550 
CaCl2"2H2O ............. 0 15 1066 830 
0.5 30 950 870 
1.0 26 965 820 
2.0 27 950 485 
K 2HP04 ....•....•....... 0 3 310 375 
0.1 10 1300 950 
0.2 20 2200 1320 
0.3 34 1600 1020 
0.5 29 1030 900 
1.0 23 1070 890 
lish any single amino acid as essential or to yield any better combination 
than that in use. Additions of NH4N03 and NH t -citrate were slightly 
helpful to antibiotic yields but (NH4hS04 again gave a low terminal pH, 
poor growth and low yields. Substitution of CaCOa for CaCI 2 had no ad­
vantage. Fermentor inoculum of 2% or less reduced both growth and yields 
while a 5 % inoculum increased growth but also reduced yields so the use 
of 3%% was continued. 
Daily samples were taken for one week in order to check rates of growth, 
carbohydrate utilization, amino acid utilization, and antibiotic production. 
Growth and antibiotic yields were determined in the usual manner, carbo­
hydrate was determined as total glucose, and paper chromatography was 
used for amino acid identification. Information on growth, antibiotic levels 
and carbohydrate utilization is given in FIGURE 1. Paper chromatography 
could not detect asparagine, glutamine, or glycine remaining in the medium 
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FIGURE 1. Glucose utilization V5. growth and capreomycin production 
after 24 hours. At 48 hours leucine and alanine also had disappeared and 
the amount of histidine remaining appeared to have decreased but did not 
disappear, and thereafter did not change. 
Potassium phosphate had been used routinely in the medium without 
investigating the individual roles of K and PO~. Replacement of K2HP04 • 
in regard to phosphate molarity, with Na2HP04 and (NH4 hHP04 pro­
duced the results shown in TABLE V and led to further work with Na and K. 
This is summarized in TABLE VI. 
TABLE V 
C01flpal"iJon of equifllolar le1;e1J' of phoJphale in medill1fl No.4. 
Capreomycio 
KIND OF Mye. Vol. Activity (meg/ml) 
PHOSPHATE (%) X83 X173 
K2HP04 
Na2HP04 
(NH 4 )2 HPO, . 
. 
. 
3L 
4 
4 
2265 
<33 
<33 
1670 
<75 
<75 
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TABLE VI 
Effect.r of pOII1JJi"m, .rodium and pho.rphate leveh in mediuJll NO.4 
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FIGUR.E 1. Glucose utilization vs. growth and capreomycin production 
after 24 hours. At 48 hours leucine and alanine also had disappeared and 
the amount of histidine remaining appeared to have decreased but did not 
disappear, and thereafter did not change. 
Potassium phosphate had been used routinely in the medium without 
investigating the individual roles of K and PO~. Replacement of K2HP04, 
in regard to phosphate molarity, with Na2HP04 and (NH4hHP04 pro­
duced the results shown in TABLE V and led to further work with Na and K. 
This is summarized in TABLE VI. 
TABLE V 
CompariJon of equimola/"lellelJ of phoJphate in medium No.4. 
Capreomycio 
KIND OF Mye. Vol. Activity (meg/ml) 
PHOSPHATE (%) X83 X173 
KzHP04 31 2265 1670 
Na2HP04 ..... 4 <33 <75 
(NH4 )2HP04 4 <33 <75 
10 
0.2 X 25 2250 1515 
0.2 X 28 2530 1560 
0.2 0.05 X 30 2375 1755 
0.2 0.1 X 30 2325 1605 
0.2 0.2 X 31 2325 1610 
0.2 0.5 X 29 2450 1710 
0.2 1.0 X 29 2350 1650 
0.2 2.0 X 25 2150 1590 
0.2 5.0 X l4 1900 1485 
0.2 X 12 1760 1650 
0.05 0.2 X 20 2600 2100 
0.1 0.2 X 25 2600 1980 
0.15 0.2 X 30 2575 1800 
0.2 0.2 X 33 2825 1750 
0·3 0.2 X 36 2200 1410 
These results indicate pH adjustment of the medium with KOH and the 
addition of Na2HP04 gave slightly better antibiotic yields than pH adjust­
ment with NaOH and the addition of K2HP04- A small amount of KCI 
could be added without any harmful effects, to insure that K would not be a 
limiting factor. These changes resulted in medium No.5. 
Use of medium No.4 to compare several fermentation temperatures (see 
TABLE VII) revealed a temperature of approximately 30°C or higher was 
desirable. Temperatures of 27.5°C. Or less depressed both growth and anti­
biotic yields, although the effect on growth was the most drastic. 
Mineral levels now were fairly well established and some work had been 
done with amino acids. Growth levels and antibiotic yields were thought to 
be high enough to make differences between carbohydrates readily detectable 
at this time. A number of carbohydrates were therefore tested in the fermen­
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TABLE VII 
Comparison of fermentation JemperaJures in medium No.4. 
Myc. Vol. Capreomycin 
(%) ActivitY (mcg/lIl!) 
TEMPERATURE X83 )1:173 
30.0°C. .................... 32 2250 1710 
27.5°C. 14 2035 1650 
25.0°C. 12 1560 1140 
tation medium at several levels. Each was then run again in combination with 
5.0g/L of soluble starch. Past experience (11) had indicated the combina­
tion might present data which differed from those obtained with individual 
carbohydrates. Starch was chosen for use in the combinations because it was 
known to have a favorable effect upon growth. Five giL produced a small 
amount of growth and antibiotic without producing so much that stimulatory 
effects from the other carbohydrate would be masked. When tested in this 
manner, only sucrose presented data which differed from those obtained 
when it was used alone. The organism did not utilize sucrose as the sole 
source of carbohydrate but did utilize it when starch was also present. 
Rhamnose, sorbose, maltose, lactose, raffinose, and inulin were not utilized 
at all. Results of the carbohydrate testing ( see TABLE VIII) led to the use 
of dextrine as the chief carbohydrate with a small amount of glucose to aid 
initial growth of the organism. 
In order to determine whether the total quantities of carbohydrates, amino 
acids, and minerals were near optimum, medium No. 5 was considered 
single strength (l.OX) and several concentrations were tested. These results 
(see TABLE IX) indicated the total amino acid level of the medium was not 
high enough for best yields. The information on amino acid levels plus the 
results of the carbohydrate testing led to medium No.6. An amino acid level 
of 1.25X was used because it gave consistent results whereas l.5X gave 
higher antibiotic yields but less growth and results were erratic. 
Because the carbohydrate and mineral content of the medium now were 
near optimum, attention was again focused on the amino acids. Use of 
various levels of each amino acid (see TABLE X) established, again, that no 
single amino acid in use was essential. It appeared that the omission of any 
single one helped growth a little but reduced antibiotic yields. Increased 
concentrations of asparagine, glutamine, glycine or alanine quickly depressed 
growth and yields although a.Ia.nine was tolerated better than the others. An 
increase in leucine and histidine, however, increased antibiotic yields greatly 
and this infonnation led to the fonnulation ·of medium No.7. 
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TABLE VIII 
Utilization of lIar;OUJ carbohydrateJ for mycelial growth alld 
;, capreomycin .ryntheJiJ ;11 medium No.5 
Capreomycio
Terminal Myc. Vol. Activny (mc~ml) 
CARBOHYDRATE giL pH (%) X83 173Il~ I173 
I ( + ) Arabinose ....... 5.0 8.7 8 675 640 
1710 10.0 8.2 17 2334 2085I 15.0 7.7 25 2334 19751650 I 20.0 7.4 30 2033 17251140 
with 
lliina­
idual 
small 
tory 
r~
 
d(+)Xytose .... , ..... 5.0 8.8 6 800 630 
10.0 8.3 17 2230 1950 
15.0 7.8 25 2500 2040 
20.0 7.5 27 2225 2100 
d·Ribose ............. 5.0 8.7 6 666 500
 
10.0 8.5 14 1567 1470 
15.0 7.7 22 2134 1920 
20.0 7.2 23 1900 1740 
this d ( + ) Mannose ........ 15.0 8.1 10 1050 940
Iined 20.0 7.8 12 1332 1300 
25.0 7.5 15 1745 1640sole 
30.0 7.4 13 1710 1640 
nt.
 
ized
 d (+) Galactose ........ 10.0 8.2 18 1834 1605
 
15.0 7.9 28 1668 1455 e use 
20.0 7.7 30 1440 1410re ~o aid 
Glucose .............. 10.0 8.5 15 2340 1920
 
15.0 8.1 20 2300 1845E;no I 20.0 7.8 23 2170 1620 ered 30.0 7.6 18 1950 1710 
Mannitol .......... .10.0 8.5 8 736 610
~:~: I 20.0 7.6 II 1567 1370 
the 30.0 7.4 13 1640 1380 
level 40.0 7.8 6 766 540 
~ gave Fructose .............. 15.0 8.2 7 660 620
 
20.0 7.6 12 1800 1490 
were I 25.0 7.6 15 1900 1480 30.0 7.6 11 1950 1520 ~e of 35.0 7.5 11 1800 1410 t no 
f-any II Soluble Starch ......... 10.0 8.4 14 1700 1300 
20.0 7.6 25 2134 1800
'cased I 30.0 7.4 38 1965 1680 
sed I 
t 40.0 7.4 44 1800 1230 
An I Dextrine .............. 10.0 8.5 16 1800 1734
~.tIy 1 20.0 7.8 29 2600 2050 
30.0 7.6 41 2140 1675 
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TABLE IX 
Effect! oj diluting or concenfrating medi"m No.4. 
CapreomycinCONCENTRAnON. Myc. Vol. Actj",ty (meg/m!)TOlal M~djum Amino Acids•• (%) X83 X173 
0.5 X 
1.0 X 
1.0 X 
1.0 X 
l.25X 
UX 
2.0 X 
l.25X 
UX 
17 
29 
26 
20 
32 
27 
8 
866 
2225 
3100 
3375 
2625 
3165 
1270 
705 
1920 
2550 
2775 
2200 
2650 
1190 
*LOX equals regular strength. 
**Amino acids were same concentration as total medium except where indicated 
otherwise. 
Work with medium No.7 was concerned with variation of asparagine, 
glutamine, glycine and alanine levels in an effort to eliminate one Or more 
of these amino acids without reducing antibiotic yields. This work shortly 
produced medium No. 8 and the same approach was continued with it. 
Asparagine, alanine, or glycine, used singly at 0.04·0.05 molar concentra­
tions in combination with leucine and histidine, gave somewhat less growth 
than medium No.8. Alanine and glycine produced approximately two.thirds 
the antibiotic yields obtained with medium No. 8 while asparagine pro­
duced yields almost equal to medium No.8. 
Urea, KN03 and NH4NOa; when substituted for part of the asparagine, 
alanine, Or glycine; quickly became toxic and decreased growth and yields 
drastically. A given level of nitrate or urea thus became more inhibitory as 
the amino acid levels were decreased. 
Addition of fatty acids to the medium was undertaken next. Methylated 
fatty acids were used because work with other Streptomyces has shown 
them to be considerably less toxic (7). Fatty acids with 2, 4, 6, 8, 10, 12, 14' 
16 and 18 carbon atoms were tested, including oleate and linoleate. All levels 
of growth and antibiotic yields obtained were almost identical, except where 
toxic levels were established. Toxic levels were attained more quickly with 
the longer chain fatty acids than with the shorter ones. Further testing of 
representative fatty acids, with reduced carbohydrate levels and with leucine 
omitted from the medium, still failed to detect any stimulation due to the 
presence of the fatty acid. 
Attention was directed to a verification of the carbohydrate and mineral 
levels because antibiotic yields had increased considerably since these were 
established. The use of 10.0 giL glucose rather than 5.0 giL gave a smaIl 
14 
TABLE X 
Effects of ulrious amino acid levels in medium No.6. 
~
 
e, 
's 
,d 
n 
l~ 
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h 
of 
,ne 
he 
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AMINO ACID giL 
Myc. Vol. 
(%) 
L·asparagine ........ 0 27 
1.25 27 
1.88 11 
2.5 8 
L·glutamine ......... 0 27 
1.25 27 
1.88 12 
2.5 6 
Glycine . ............ 0 25 
1.25 27 
1.88 8 
2.5 4 
L-alanine .......... 0 23 
1.25 27 
1.88 16 
2.5 10 
L-Ieucine ........... 0 22 
2.5 27 
3.75 27 
5.0 29 
7.5 26 
10.0 25 
12.5 19 
15.0 14 
L.histidineoHCI ...... 0 26 
1.25 27 
L88 26 
2.5 21 
3.75 21 
eapreomycin
Amvuy (meg/ml)
X83 X173 
2134 1680 
3250 2500 
1220 1050 
920 880 
2370 1800 
3250 2500 
1600 1380 
766 620 
2134 1600 
3250 2500 
866 640 
257 176 
2268 1840 
3250 2500 
2200 2220 
1270 940 
2201 1790 
3250 2500 
3400 2950 
3800 3325 
4450 3550 
4950 3900 
4400 3550 
2800 2400 
2301 1975 
3250 2500 
3335 2975 
3800 3225 
4300 4250 
increase in mycelial volume. Higher levels of Fe, Ca, and K appeared desir­
able to insure that they were not limiting factors. The effect of various levels 
of Ca may be seen in TABLE XI. 
The amino acids routinely used were of the L-variety so those which ap­
peared valuable were compared with the D-form. Leucine appeared so im­
portant that some possible substitutes for it were examined. Testing of 
asparagine, alanine, and serine was done by using these amino acids, indi­
vidually, with optimum levels of leucine and histidine from medium No.8. 
The results are recorded in TABLE XII. Histidine, leucine, and leucine substi­
15 
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TABLE XI 
ElJulf of c,1I0111ll chloride Ie/leis ill medium No.8. 
giL 
Mye. Vol. 
(%) 
Capreoroyein 
Aetiviry (meg/ml)
X83 XJ7} 
CaCl 2 ' 2H2O ..... 0.1 9 1950 1060 
0.3 14 5440 LI550 
0.) 24 5760 4860 
0.75 25 6240 5200 
1.0 25 5760 4720 
tutes were tested with optimum levels of asparagine, glycine, and alanine in 
the medium and the results are summarized in TABLE XIII. These changes 
in the medium for testing the various amino acids were made in order to 
place more emphasis on the amino acid being evaluated. 
TABLE XII 
ElfulS of D 1l1ld L-aspIIYllgine, alanine ,rnd Jerine lesled i'l combinaliOIl wilh 
leucine alld histidine levels used in medium No.8. 
AMINO ACIDS Molarity 
Mye. Vol. 
(%) 
Capteomyein 
Activiry (meg/ml)
X83 XI73 
No addition ........ 23 2975 2300 
L.asparagine . . . . . . . .. 0.04 21 5650 4500 
D-asparagine ........ 0.04 13 1768 975 
L-alanine ........... 0.04 18 3125 2730 
D-aJanine ........ 0.04 19 3900 3200 
L-serine ............ 0.04 20 3025 2580 
D-serine ........... 0.04 20 2825 1665 
Glycine ............ 0.04 14 2500 1875 
TABLE XIII 
Elfecls of D and L-hislidine, leucine, and po!!ible leI/cine subsJilJlles
 
Jesud in medium No.8.
 
AMJNO ACIDS Molarity 
Myc. Vol. 
(%) 
Capteomycin 
Acti"ity (meg/ml)
X83 X173 
No histidine ........ 15 700 635 
D-histidineo HCI ..... 0.025 17 1768 1330 
L-histidine'HCl ..... 0.025 24 6400 5075 
No leucine ....... 15 4000 3360 
D-Ieucine ........... 0.075 14 4450 3250 
L-Ieucine ......... 0.075 24 6400 5075 
L-valine ........... 0.02 6 2750 2740 
D·valine ............ 0.02 14 5100 4000 
L-isoleucine ......... 0.Q2 11 3800 3400 
DL-norleucine ..... 0.02 14 2650 2150 
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The carbohydrate screening (see TABLE VIII) had shown sucrose would 
produce some stimulatory effects when used in conjunction with another 
utilizable carbohydrate. When the other carbohydrate was glucose plus dex­
trine, a better effect was realized than when it was glucose alone. As glucose 
and dextrine levels were increased to near optimum, however, the stimula­
tory effects of sucrose were reversed and there appeared to be no immediate 
advantage from its use in the medium. Data obtained from the foregoing 
work with sucrose is outlined in TABLE XlV. 
TABLE XIV
 
EffectJ of $IICt'OJe addition when glll(OJe and dext,-ine lellel! 
were tJa,-;ed in medilltn No.8. 
ation with 
IpJOODlycin
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Capreomyein
CARBOHYDRATE (g/L) Mye. Vol. AelivJO' (meg/ml) 
Glucose Dex'tioe Sucrose (%) X83 X173 
10.0 7 1875 1560
 
10.0 30.0 9 2425 2540
 
5.0 5.0 6 1640 1250
 
5.0 5.0 30.0 9 3375 3400
 
5.0 15.0 14 4150 3540
 
5.0 15.0 30.0 14 5200 4560
 
10.0 20.0 22 5600 4900
 
10.0 20.0 30.0 11 3000 2580
 
Medium No.9 was developed from medium NO.8 by increasing the level 
of glucose from 5.0 giL to 10.0 giL. The higher level encouraged growth 
slightly even though it depressed yields somewhat. It was used in order to 
be sure carbohydrate was not a limiting factor in the medium. 
Some common organic acids of the citric acid cycle were tested as addi­
tions to medium No.9. Results of this work suggested that the sodium, po­
tassium, or ammonium salts of acetate, citrate, and succinate increased anti­
biotic yields slightly. Before any of these could be incorporated into a new 
basal medium, however, work with leucine and histidine levels in medium 
No. 9 indicated that if the level of leucine was reduced, growth and anti­
biotic yields were increased (see TABLE XV) so basal medium No. 10 was 
developed to reflect this change and also the new mineral levels. A recheck 
of acetate, citrate, and succinate in this medium failed to detect any beneficial 
effects on growth or yields. Resolution of these differences probably should 
await further development of the medium. 
Addition of various vitamins to medium No. 10 comprised the final phase 
of this study. Para-amino-benzoic acid, biotin, folic acid, nicotinamide, cal­
cium pantotheate, riboflavin, thiamine'Hel, pyridoxine'Hel, cyanocobala­
17
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TABLE XV 
EffectJ of Jeu,ine le1JeJJ in medium NO.9. 
L-LEUCINE 
(gIL) 
Myc. Vol. 
(%) 
CBpreomyein 
Activlty (meg/ml)
X83 Xt73 
10.0 21 5100 4800 
6.0 24 5900 5130 
5.0 24 6000 5230 
4.0 23 6000 5060 
2.5 22 5500 4130 
0 15 4150 3460 
min and yeast extract were added individually with no apparent stimulation 
of growth Or antibiotic yield. 
DISCUSSION 
Standard conditions for testing of variables need to be established and 
defined in order to obtain specific results. That quite different results may be 
obtained under different conditions is demonstrated by the effects of leucine 
levels in medium No.6 vs. medium No.9 and the effects of calcium chloride 
levels in medium No.4 vs. medium No.8. Data such as these suggest that a 
specific point in a medium development study is not optimum for testing in 
all areas. Certain phases can be more profitably explored at given points 
and the time chosen for a particular study is important to its success. 
Under the conditions employed here, growth of S. capreolus requires the 
presence of Mg, Fe, K, Ca, and POT. Failure to add anyone of these min­
erals to the medium resulted in practically no growth Or antibiotic yield. 
Addition of each in increasing quantities until near-optimum levels were 
attained resulted in corresponding increases in growth and antibiotic yields. 
Whether their action in regard to increased antibiotic yields was primarily 
through their effect upon growth or whether they also play separate roles in 
antibiotic synthesis is therefore not known. 
Since capreomycin is a peptide antibiotic, carbohydrate would appear to 
be utilized primarily as an energy source and direct incorporation into the 
antibiotic molecule would not be expected. Arabinose, xylose, and ribose 
were among the best carbohydrates tested for both growth and antibiotic 
yield. Results obtained with these pentoses were as good as those obtained 
with glucose and in some cases were better. Galactose gave good growth but 
low yields. Mannose, mannitol, and fructose gave fair growth and moderate 
yields. Sucrose was not utilized alone but it produced a slight increase in 
growth and a marked increase in antibiotic yields when employed in com­
bination with low levels of glucose and dextrine. Rhamnose, sorbose, mal­
18 
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tose, lactose, raffinose and inulin were not utilized. No other single medium 
ingredient, at any le'Vel used, promoted as much growth as that obtained with 
the higher levels of soluble starch Or dextrine. This was considered im­
portant because maintenance of a modest level of growth had presented a 
problem throughout the entire study. In addition, both starch and dextrine 
gave good yields of antibiotic at the lower levels although starch was not 
quite as good as dextrine. This information, plus the fact that a small amount 
of glucose helped initiate growth but high glucose levels were not well 
tolerated, led to the use of the glucose-dextrine combination. 
None of the six amino acids used in this study was demonstrated to be 
essential to growth or antibiotic yield. Numerous efforts to reduce the num­
ber of amino acids finally led to the omission of glutamine and the best 
combination tested was that used in medium No. 10. Testing of leucine and 
histidine plus asparagine, alanine, or glycine indicated asparagine produced 
much better antibiotic yields than alanine or glycine ( see TABLE XII). 
Enough levels were tested to determine this was not due to the difference in 
the number of amino groups present. Leucine was unique among the amino 
acids used in that very high levels were tolerated well and were in some cases 
very beneficial to antibiotic yields. Although an early screening program had 
tested many combinations of many amino acids before this study was initi­
ated, a number of amino acids should be screened again. Possible approaches 
to this problem might consist of the use of each amino acid as the sole nitro­
gen source or the use of each in combination with leucine, histidine, and/or 
asparagine. The present state of medium development should be sufficiently 
advanced to make differences apparent which may not have been detectable 
earlier. 
Testing of the fatty acids as additions to the medium yielded only infor­
mation indicating none were beneficial and that longer chain fatty acids 
became toxic at lower levels than those with the shorter chains. This infor­
mation should be verified later because such negative data may be invalid due 
to unrecognized limiting factors present under the conditions used. 
Conflicting data were obtained when some of the citric acid cyde inter­
mediates were tested in slightly different media. This work might also be 
clarified by further testing or should perhaps more properly be done with the 
Warburg. Shake flask measurements are crude in many respects and not well 
suited to the detection of effects produced by substrates with rapid rates of 
turnover. 
Addition of vitamins to the medium also produced negative data but is not 
surprising inasmuch as Streptomyces are known to have the ability to syn­
thesize several vitamins (9). Some carry-over of vitamins in the mycelia 
from the vegetative flasks to the fermentation flasks could also be expected. 
A chemically defined medium, at the time of make-up, has been developed 
19 
which gives antibiotic yields approximately twenty times as great as those 
obtained early in the study. These yields were not achieved by addition to the 
medium of any single "magic" substance. Rather, they were the result of 
repeated adjustments in each of the areas of carbohydrate, nitrogen, and 
mineral metabolism. 
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